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In the Specification: Kindly accept the substitute Specification as follows, amended for 

paragraph numbering, style, and clarity. No new matter has been 
introduced. 

PATENT 
Docket No. PI 025 

PATENT APPLICATION 

DUAL-PURPOSE ANTI-REFLECTIVE COATING AND SPACER 
FOR FLASH MEMORY AND OTHER DUAL GATE TECHNOLOGIES 

5 

CROSS-REFERENCE TO RELATED APPLICATION(S) 
[0001] This application is related to co-pending U.S. Provisional Patent Application Ser. No. 
60/159,235, also entitled "DUAL-PURPOSE ANTI-REFLECTIVE COATING AND SPACER 
FOR FLASH MEMORY AND OTHER DUAL GATE TECHNOLOGIES AND METHOD OF 
10 FORMING," filed October 13, 1999. 

TECHNICAL FIELD 

[0002] The present invention relates to integrated semiconductor circuits and anti-reflective 
coating fabrication techniques used in dual gate semiconductor technology, such as flash memory 

1 5 technology. More particularly, the present invention relates to integrated semiconductor circuits 
and fabrication techniques for forming sidewall structure on the sidewalls of the transistor gates 
used in dual gate semiconductor technology, such as flash memory technology. Even more 
particularly, the present invention relates to integrated semiconductor circuits and fabrication 
techniques for forming sidewall structure on the sidewalls of transistor gates in the core memory 

20 region as used in dual gate semiconductor technology, such as flash memory technology. 

BACKGROUND OF THE INVENTION 
[0003] Dual gate technology, such as flash memory technology, uses anti-reflective coatings to 
ease lithographic patteming. The closely formed dual gate transistor gates require electrical 
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isolation provided by spacers formed on the sidewall structure of the gate stacks. Typically, a 
dielectric material, similar to the anti-reflective coating material, is used to form the spacers on 
the sidewall structure of the dual transistor gates. According to knovm fabrication techniques, 
the anti-reflective coating is used twice during formation of the spacers, which, as a result of 
5 etching and stripping action of the fabrication process, the thickness of the anti-reflective coating 
is reduced, resulting in a loss of the effectiveness of the anti-reflective coating. Thus, there is 
seen to exist a need for a fabrication technique that does not depend on deteriorated use of the 
anti-reflective coating to fabricate the sidewall spacers of dual gate semiconductor devices. 



1 0 BRIEF SUMMARY OF THE INVENTION 

[0004] Accordingly, the present invention provides a dual gate semiconductor device, such as 
flash memory semiconductor device, whose plurality of dual gate sidewall spacer structures is 
not formed from traditional dielectric material similar to the anti-reflective coating material that 
is traditionally used for lithographic patterning. Rather, the present invention provides a dual 

15 gate semiconductor structure whose sidewall spacers are formed by a first and second anti- 
reflection fabrication process, whereby the sidewall spacers of the dual transistor gate structure 
in the core memory region are left coated with the second anti-reflective coating material, such 
as silicon oxynitride (SiON), silicon nitride (Si3N4), and silicon germanium (SiGe), or other 
material having optical properties compatible with subsequent fabrication processing, to form 

20 sidewall spacers for use in subsequent implant and salicidation steps, commonly used during 
fabrication of the semiconductor device being formed. Other features of the present invention 
are disclosed or are apparent in the section entitled "DETAILED DESCRIPTION OF THE 
INVENTION." 



25 BRIEF DESCRIPTION OF DRAWINGS 

[0005] The invention, including its various features and advantages, may be more readily 
understood with reference to the following detailed description of the best mode for carrying out 
the invention, taken in conjunction with the accompanying drawings, wherein like reference 
numerals designate like structural elements, as below-referenced. Reference numbers refer to 

30 the same or equivalent parts of the present invention throughout the several figures of the 
drawings. 
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1. Figure 1 is a cross-sectional view of a prior art semiconductor device shown at a 
fabrication stage whereby anti-reflective coating portions overlying various memory 
element regions will be subjected to various etching process steps after patteming. 

2. Figure 2 is a cross-sectional view of a semiconductor substrate shown at a fabrication 
5 stage in accordance with the present invention where a first anti-reflective coating has 

been utilized for patteming core and periphery substrate regions. 

3. Figure 3 is a cross-sectional view of the memory semiconductor substrate depicted in 
Figure 2 shown with the first coat of anti-reflective coating having been removed. 

4. Figure 4 is a cross-sectional view of the memory semiconductor substrate depicted in 
10 Figure 3 shown at a fabrication stage where a second anti-reflective coating has been 

formed over the pattemed core and peripheral regions in accordance with the present 
invention. 

5. Figure 5 is a cross-sectional view of the memory semiconductor substrate depicted in 
Figure 4 shown having pattemed peripheral memory regions and core memory regions 

15 fixlly coated with the second anti-reflective coating. 

6. Figure 6 is a cross-sectional view of the memory semiconductor substrate depicted in 
Figure 6 shown having sidewall spacers formed from the second anti-reflective coating 
in accordance with the present invention. 



20 DETAILED DESCRIPTION OF THE INVENTION 

[0006] Figure 1 is a cross-section of a prior art semiconductor substrate 10 shown at an early 
fabrication stage for forming a flash memory device 100. As depicted, substrate 10 comprises 
a core region IOC and a periphery region lOP. The core memory stacks 12, 13 and periphery 
memory region 9 are provided with an anti-reflective coating 14 having a typical thickness d in 

25 a range of 300 A to 1000 A. Core memory stacks 12, 13, at this stage of fabrication and as 
depicted in Figure 1 , may comprise a thin layer of silicon dioxide 1 1 , a first polysilicon layer P 1 , 
a dielectric layer D 1 over layer P 1 and a second polysilicon layer P2 over layer D 1 . The spacing 
S between stacks 12 and 13 is in the sub-micron range which necessitates the formation of 
spacers between stacks 12 and 13 to protect the comer regions 1 la of the silicon dioxide layers 

30 11 during various etching operations. The peripheral memory region 9 may comprise, as 
depicted in Figure 1, a layer of polysilicon material P2 for use in formation of the periphery 
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memory elements. Further, as previously discussed, the prior art processes utilize anti-reflective 
coatings 14 multiple times, in combination with a photoresist material R, for use in formation 
of resist pattems, such as resist patterns 15, 16. 

[0007] Figure 2 show^s a flash memory device 200, in accordance v^ith the present invention, at 
5 a fabrication stage where, rather than applying photoresist material to form subsequent other 
resist pattems, the first anti-reflective coating layers 14 are used only to form the core memory 
stacks 12, 13 and the peripheral memory region 9. 

[0008] Accordingly, Figiire 3 shows the device 200 with anti-reflective coating 14, depicted in 
Figure 2, stripped from the core memory stacks 12, 13 and the peripheral memory region 9. 

10 [0009] Figure 4 shows the present invention, where, in preparation for subsequent patterning 
processes, a second coating of anti-reflective coating material 17, such as silicon oxynitride 
(SiON), silicon nitride (Si3N4), and silicon germanium (SiGe), or other suitable material with 
dual purpose optical properties compatible with other fabrication processes, is deposited in a 
thickness in a range of 300 A to 1000 A over the core memory stacks 12, 13, the spacing S 

15 between stacks 12, 13, floor region F, the core-periphery interface region CP, and over the 
periphery memory region 9. 

[0010] As shown in Figure 5, the second coating 17 is used for patteming any remaining gate 
structures, such periphery gate structures 7, 8 in the periphery memory region 9, depicted in 
Figure 4, by appropriate masking and etching operations. 

20 [001 1 ] Figure 6 shows the present invention where spacers 1 8 are defined on the sidewalls of the 
core memory gate structures 12,13 after stripping the second anti-reflective coating 1 7 from over 
the second polysilicon layers P2 of core memory gate stacks 12, 13, and fi"om over the periphery 
memory gate structures 7, 8. Accordingly, the present invention provides a dual gate 
semiconductor structure 200 whose sidewall spacers 18 of core memory gate structures 12, 13 

25 are formed by a first and second anti-reflection fabrication process, hi accordance with the 
present invention, the sidewall spacers 1 8 of the dual transistor gate structure in the core memory 
region are left coated with the second anti-reflective coating material, such as silicon oxynitride 
(SiON), silicon nitride (Si3N4), and silicon germanium (SiGe), or other material having optical 
properties compatible with subsequent fabrication processing, to form sidewall spacers for use 

30 in subsequent implant and salicidation steps, commonly used during fabrication of the 
semiconductor device. 
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[0012] Information, as herein shown and described in detail, is fully capable of attaining the 
above-described advantages of the invention, the presently preferred embodiment of the 
invention, and is, thus, representative of the subject matter which is broadly contemplated by the 
present invention. The scope of the present invention fully encompasses other embodiments 
5 which may become obvious to those skilled in the art, and is to be limited, accordingly, by 
nothing other than the appended claims, wherein reference to an element in the singular is not 
intended to mean "one and only one" unless explicitly so stated, but rather "one or more." All 
structural and functional equivalents to the elements of the above-described preferred 
embodiment and additional embodiments that are known to those of ordinary skill in the art are 
10 hereby expressly incorporated by reference and are intended to be encompassed by the present 
claims. 

[0013] Moreover, no requirement exists for a device or method to address each and every 
problem sought to be resolved by the present invention, for such to be encompassed by the 
present claims. Furthermore, no element, component, or method step in the present disclosure 

15 is intended to be dedicated to the public regardless of whether the element, component, or 
method step is explicitly recited in the claims. However, it should be readily apparent to those 
of ordinary skill in the art that various changes and modifications in form, semiconductor 
material, and fabrication material detail maybe made without departing from the spirit and scope 
of the inventions as set forth in the appended claims. No claim herein is to be construed xmder 

20 the provisions of 35 U.S.C. § 1 12, sixth paragraph, unless the element is expressly recited using 
the phrase "means for." 
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